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Abstract:

The pine marten (Martes americana) has been considered as an indicator species for old growth forests.
A study of marten habitat use in southwest Montana in 1991-92 indicated that marten utilized old
growth timber but also utilized younger but mature stands of native conifers. Mesic conditions, size of
deadfall, well-developed canopy covers associated with mature trees, and pine marten prey were
important habitat variables influencing pine marten use of an area. Fur trapper returns and comments
suggested that pine marten populations on the study areas were at relatively low numbers during the
study. Trappers responded to these low marten numbers by decreasing trapping effort at the Big Hole
site but not at West Yellowstone. Untrapped areas adjacent to study sites evidently served as reservoirs
for restocking trapped areas. Most of the marten on the trapped study sites were live-trapped and/or
harvested, but immigration continued throughout the study, evidently from reservoir areas.



e

WINTER HABITAT SELECTION AND POPULATION STATUS

OF PINE MARTEN_IN'SOUTHWESTfMONTANA

by

Quentin John Kujala

A thesis submitted in partial fulfillment
of the requirements for the degree€

of
‘Master . of Science
~in

Fish and Wildlife Management

MONTANA STATE UNIVERSITY
Bozeman, Montana

May 1993




APPROVAL
of a thesis submitted by

Quentin John Kujala

This thesis has been read by each member of the thesis
committee and has been found to be satisfactory regarding
content, English usage, format, citations, bibliographic
style, and consistency, and is ready for submission to the
College of Graduate Studies.

Approved fTor the Major Department

t-e_
Head Major Department

Approved for the College of Graduate Studies

Date Graduate Dean



iii

- _"‘ STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the .

requirements for a master’s degree at Montana State
University, I agree‘thaﬁ the Library shall make it availeble
" to borrowers under rules of'the'Libraryg'

If I.have indieated my-intehtion_to copyright-fhis
thesis by'including a copyright netice page, copying is
allowable only for scholarly purposes, cons1stent w1th "fair
use" as prescribed in the U.S. Copyright Law. Requests for
perm1ss1on for extended quotatlon from or reproductlon of
this thesis in whole or in parts may be granted only by the

]
. copyright holder. -

Signature ;&JVA /é:/éZ
Date e//7J//%3




iv

ACRNOWLEDGMENTS'

~ For their finanéial and technical assistance, I would
like to thank the United States Forest Service (USFS); the
Montaﬁa'Department of Fish, Wildlife, and Parks (MDFWP), and
" Montana State University.

Staff at the Hebgen Lake Ranger Station on the Gallatin
National Forest and at the Wisdom Ranger Station on the o
Beaverhead National Forest provided information, equipment,
volunteérs, and living quarters. Employees at the
Supervisor’s Office and Zone Timber of the Gallatin National
Forest were also involved.

Kurt Alt, Mike Frisina, Howard Hash, Keith Aune, and»
others of the MDFWP were extremely helpful in'prdviding
equipment and assistance of all sorts on a timely basis.:

Dr. Lynn Irby and Dr. Rick Déuglass prqvided valuable
field assistance and insight throughout the project. I
would also like to thank Dr. Harold Picton and Dr. Thomas.
McMahon for fheir editing contribufions.

Joe éiemmens, Roland Whitman, and others contributed
valuable harvést information. A special note of
appreciation goeé out to Ken Coffin for his'donsistent and
accurate data collection and to Craig Fager who laid most of .

the groundwork for the entire projecf.




TABLE OF CONTENTS

ACKNOWLEDGMENTS. . . . .. ... A @ ettt
TABLE OF CONTENTS.......................;v.;........;.
LIST OF TABLES. .« uuuuneeennnenaceoennnsnsnanonaoeennes
LIST OF FIGURES..eeueeevunnn. et eeeeeeeae et
ABSTRACT. « v v e v e ee e e e e ee e e e e eaeee e e aae e e
INTRODUCTION. ¢ v euesss ;...........,} ..... eeevencavengs

STUDY AREAS.....ccceecccones R Gecseresenesssaneese .
Big HOle. ® 6 0 © 9 6 0P 9 0 ¢ 0 0 P OSSO S S S G L O L E S G S S SO E 00N
Flats @ o 0660 000008 00000 @ ® @ 06 0060000000 ¢ 0 00 00 4000000

Beaver CreeK...c... ceecesesesesesccsonn cecesossse

METHODS.- ..... .....'.'..O..‘..Il....l.‘.‘.'......l.‘l.l...l‘

Live-trapping.ccccecccceccscssssccssasccscnns ceens
Home Ranges and Daily MovementS........ccececeeeeee
Small Mammal Live-trapping....ceeccecececec.. ceeeas
Habitat Evaluation Using Radio Telemetry
LocationsS. . eseeeececcccocsossssssescsccscns
Habitat Evaluation Using Long (3-8 km) Track
Transects....cccc.. cessessessesssnes. cesecens
Population Monitoring U51ng Short (1 km) Track
Transects....... cesesrsesenccannn ceeeseanen

RESULTS . oo soeeececssssesosssncensscsssssscssssasasssssse
Live~trapping...... Cececsecesctstesssseseananansen
FUr—trappPing.ceceeeeeeceesnsssssssncncnosononosas

FlatS.ueeeeeeeeeeeeseecsoonscecscnosccannnns
Beaver CreeK...ceceeeeccss seesessccccccnanns

Home Ranges and Daily MovementsS......ccceeeeeeeen
Small Mammal lee—trapplng................,,.....

‘ . Big Hole.....ceeosnesss cessecncencccasoseans

Flats.......c0.. cececcssennns cesesesesdenss

Beaver Cre€K..cocseseseccscnscssscsscnccscnss
Habitat Evaluation Using Radio Telemetry

10CAtIONS. e ceeceecersessscascsassnssscsssssaces

Live Tree Numbers and SizeS...cceeeecctcccans

Deadfall and Snag Numbers and SizeS....cc...-

Habitat Type Use versus Availability........
Mesic versus Xeric SitesS.....ccceeecccccccns
0ld Growth Use versus Availability..........

eee2

..'2..

0005

LN J .9
. o 10
e 10

..13




vi

TABLE OF CONTENTS--Continued

Habitat Evaluation Using Long (3-8 .km) Track
TransectS....cc.. cresccscscccscsescsesesons cesesnnoa .37
Lily Lake Transect (4 KM).eeeecooecsooscccccccns I ¥/
Tepee Creek Transect (8 km)........................38
Specimen .Creek Transect (4 Km)...coveeeeaacnan seesse39
Cougar Creek Transect (3 km)...........,,.;........40
Populatlon Monltorlng Using Short (1 Kkm) Track .
Transects. ....... Mo seasesessssesssesnscencnsneces .. .41

DISCUSSION..eeveenn. cessasenas Y- X )
Impacts of FUr-trapping...cecececeececcccocsanssssssd3
HOME RANGES.:eceecssscccscssacscscsccsscsacscccsnsscsssdd
Small Mammal Live=-trapping...ccecseccececececss. ceessedb
Habitat Use@...cceeceeeerecseccsssccscsssccccsseseassssdb
Population Monitoring...eceeceeeccccecoccasacscesssd8

CONCLUSIONS.--..........-...-....’,-...34-..'...--.'--.........50

Population Characteristics....ceceeceeceececccceeessb0

Evaluation of Fur Harvest.............. cencecsas "<+ «50

Description of Habitat Use PatternS...eecececeeeeeseeebl’

PreY Base RelationShipS...............--........-a-.Sl
Population Monitoring....... cececcsccnn ceccasscsana 52

LITERATURE CITED. «:oxeeeoeconccncanseceniasennennns ee..53

APPENDIX..'...I.'.'..I....‘.l.......O..'.....'.I..ln.....l....57




10.

11.

12.

13.

vii

LIST OF TABLES

~ Page
Results of live-capture and radio-collaring
efforts on the 3 study areas....... cceesscsscsecssslb
Seasonal success rates (trap nights per
marten) of live-trapping efforts on the 3 study
areaS...... cecccsccesscscrassssecocece e fececceacncs 17
1990-91 harvest of marked and unmarked
marten on the Flats and Beaver Creek.....cseeceeceee. 18
Home ranges and movements of radio-collared
marten on the Big Hole, Flats, and Beaver
Creek study areas......... ceecceccns cecesccsnenee .20
Small mammal trapping results from the :
Big Hole study area, 1990-91...cccccceecces -
Total rodent trapplng success (captures/loo
trap nights) during fall and spring on the .
Big Hole, Flats, and Beaver Creek study areas..... 21

Red-backed vole (Clethrionomys gapperi) trapping
success (captures/100 trap nights) during fall

and spring on the Big Hole, Flats, and Beaver

Creek StUdY GYeaS..cceeescecsecsaseccsoscssonnsenesll

Small mammal trapping results from the
Flats, 1990-91....... ceeenn sessessecneenas ceeeeasee23

Mean (SD) numbers of live trees >12.7 cm DBH .
at random plots and all marten locations on the
Big Hole study are@...c.ceeeeeeccccscnscccsosscsancss 25

Mean (SD) diameters of live trees >12.7 cm DBH
at random plots and.all marten locations on the
Big Hole study area......... ceecsesssessscsssccssslb

Mean (SD) numbers of live trees >12.7 cm DBH at -
random plots and individual marten locations on )
the Big Hole study....cceeeeeeeceieetencccacocssnns 27

Mean (SD) diameters of live trees >12.7 cm DBH
at random plots and individual marten locations

‘on the Big Hole study area........... cecenos ceeses28

Mean (SD) numbers of snags and deadfall at
random plots and all marten locations on the
Big  Hole Study @re@....cceseeeesscssoccosscoccscss2d




Table

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

viii

LIST OF TABLES--Continued

. Page

Mean (SD) humbers of snags and deadfall data at
random plots and individual marten locations on -
the Big Hole study Qr€a..ccceccesecesssacssessessess30

Numbers of marten locations and random points

in different habitat types on.the Big Hole study
area. Values outside 91% Bonferroni confidence
intervals were considered selection for or against

~any. spe01flc EYPCeceecsescossocsvasascssssesssessal3l

Mean (SD) numbers of live trees >12.7 cm DBH at
mesic and xeric marten locations on the Big
Hole study area.....cccceeceececaccnceccatcecnseee32

Mean (SD) diameters of live trees >12.7 cm DBH at
mesic and xeric marten locations on the Big
Hole study area'......l......I....l.0000000000000033

Mean (SD) numbers of live trees >12.7 cm DBH at
mesic and xeric random plots on the Big Hole
StUdY area.-.'..'...........-.-...........--.........33

Mean (SD) diameters of live trees >12.7 cm DBH at
mesic and xeric random plots on the Big Hole '
study area........ ................................34

Mean . (SD) numbers of snags and deadfall data at
mesic and xeric marten locations on the Big Hole

study area........................................35'

Mean (SD) numbers of snags and deadfall at mesic
and xeric random plots on the Big Hole study
AYCAceesaccscaccas R R R R R B 1 1

Number of locations that met old growth minimum

.criteria on the B1g Hole study area. Selection

was determined using 91% Bonferroni confidence
1nterva1s.........................................37

‘Mean (SD) numbers of trees, snags, and deadfa11~

and habitat type use and availability on the

Lily LakKe long (4 km) track transect..............38

Mean (SD) nunbers of trees, shags, and deadfall
and -habitat type use and availability on the '
Tepee Creek long (8 km) track transect......ece..+.39




Table

25.

26.

27.

28.

ix
LIST OF TABLES--Continued
Page

Mean (SD) numbers of trees, snags, and deadfall
and habitat type use and availability on the

Specimen Creek long (4 km) track transect.........40

Mean (SD) numbérs of trees, snags; and deadfall
on the Cougar Creek long (3 km) track transect....41

Results of short (1 km) track transects on the .

‘three study @reas.....eeceecceceeoctocasccscoassaa4dl

Summary of USFS old growth criteria....;.,......;.58




Figure

1.

'LIST OF FIGURES
Page

Boundaries and dralnage patterns on the
Big Hole study area’ (reprlnted .from Fager

1991) ........ e e s e 00 s 0rcensesccescoe 000000000000000004

Boundaries and drainage patterns on the
Flats study area (reprinted from Fager 1991)......6

Boundaries and drainage patterns on the
Beaver Creek study area (reprinted from

‘Fager 1991)-..noo...-n.-..oo.oo..oo-o-...o.o.o.coons




xi

- ABSTRACT

The pine marten (Martes americana) has been considered
as an indicator species for old growth forests. A study of-
marten habitat use in southwest Montana in 1991-92 indicated
that marten utilized old growth timber but also utilized’
younger. but mature stands of native conifers. Mesic
conditions, size of deadfall, well-developed canopy covers
associated with mature trees, and pine marten prey were
important habitat variables influencing pine marten use of"
an area. Fur trapper returns and comments suggested that
pine marten populations on the study areas were at
relatively low numbers during the study. Trappers responded
to these low marten numbers by decreasing trapping effort at
the Big Hole site but not at West Yellowstone. Untrapped
areas adjacent to study sites evidently served as reservoirs
for restocking trapped areas. Most of the marten on the
. trapped study sites were live-trapped. and/or harvested, but
immigration continued throughout the study, evidently from

reservoir areas. :
N {
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INTRODUCTION

The United States Foreéf Service (USFS) has attémpted
to deve1op management models which rely on indicator species
in order to gauge the ecolsgical health of forests on
federal 1anas (Warren 1959). The pine'marten (Martes
americana), often associated with mesic (sprucé/fir) as well

as old growth situations kBuskirk et al 1989b), is under

consideration as an indicator of healthy old gféwth forests.

The Montana Department of Fish, Wildlife, and Parks
(MDFWP) is charged with management of Montana’s furbearer
populations. As attacks on trapping methods, seasons, and

the concept of trapping increase at local, state, national,

and international levels, MDFWP is under increasing pressure

to demonstrate that its furbearer management.policies do not

place pine marten and pthef speciés in jeopardy. . Untrapped
reservoirs (deVos 1951, Quick 1956), timing of trépping |
(Quiék 1956), and intensity of trapping (Archibald and
Jessup 1984) have all been suggested és importént factors to
"consider when séttihg harvest regulations for'pine marten.
This project was initiated to gather information that
would allow the UéFS and MDFWP to manage the.pine marten in
 southweét Montana. My study represents the second in a.3-!
year series of studies. Field work was conducted between
September 1990 and August. 1991. Objecfives for the study
were to: 1) déscribe popuiation characteristics for the

study afeas; 2) evaluate the impact of current harvest
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levels on'populations: 3) describe marten'habitat use
patterns; 4) document relationships between pine marten and
their seasoﬁal prey basés in different habitat types; and 5)
determine fhe relative population densities .of locél marten

populations in southwest»Montaﬁa,
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.STUDY AREAS
Three study areas represent&ngra range oflhabitaﬁ

variables and land use patterns in:southwest Montana were

selected.
‘Big Hole

The upper Big Hole study area, on the Wisdom district
of the Beaverhead National Eorest; encompassed approximately

153 square kilometers (km~2) of the Anaconda mountain range

‘adjacent'to and immediately south of the Continental Divide

(Fager 1991). The southern edge was essentially the north

boundary of the Big Hole National Battlefield. Major

drainages included Tie, Bender, Johnson, and Schultz Creeks

(Fig. 1).




Figure |I.

Beaverhead
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4

Boundaries and drainage patterns on the Big Hole

study area (reprinted from Fager 1991).
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Elevation in this sﬁuay-area ranéed'from approxihatgly
1,950‘to 2,500 meters (m). Precipitation_ip nearby Wisdom
ayefages 30 qentimeteré (cm) with an average danuary
‘temperatﬁre of -10.3 € and an average July tempera;ure of
14.4 C'(Fagér 1991). Dominant tree species on the Bi§ Hole
study area- were lodgepole pine (Pinus contorta) and Douglas-
fir (Pseudotsuga menzesii) in the lower elevatiohé with
Engelmann sprucé (Picea engelmanni)'énd subalpine fir (Agiggl

lasiocarpa) dominating the wetter bottoms and higher

elevations. .

ngging activity, primarily clear—cutting, had occurred
fhroughout the:stgdy site. _At the time of.the study,
. approximately 15% bf the area had beeh cut. The oldeét
clearcuts had been cutnlate in the 1950’s with new cuts

6ccurring‘during the study.
Flats

The_second study site was'locatea.near West
Yellowstone. The 64 km*2 West Yellowstone Flats area was
situatéd on the Hebgen Léke Ranger ﬁistrict of the Gallatiﬁ‘
Nationél Forest difectly west and north of the toﬁn of West
Yellowstone. The boundaries were Hebgen Reserﬁoir tohthe '
west andlnorth[ Highway 20 to the sauth; and_Yeliowstone
National Park to'the,éést (Fig 2). A minimal amount of work
was conducted inside the park itself. Cougar Creek aﬁd the

Madison River were the major drainages on the study area.
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Figure 2. Boundaries and drainage patterns on the Flats
study area (reprinted from Eager 1991) .

Fork Madison

Kilometers

The mean elevation of this study area was approximately
2,000 m. The highest point was Horse Butte at 2,120 m.
Precipitation averages 56.7 cm in West Yellowstone with an
average January temperature of -11.3 C and an average July

temperature of 15.6 C (Eager 1991).
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_The main cover type on the West Yellowstone Flats was a
rather unique lodgepole pine/bitterbrush (Purshia .

tridentata) community. The north side of Horse Butte was .

the only area with Douglas-fir and subalpine fir components.
 Willow (§g;;§ spp.) comﬁunities were scattered throughout
the study aréa aléng perennial streanms. h |

Majof land uses during 1990-91 included firewood
gathering,‘fecreational uses, aﬁd some logging. At the time
of the séudy, approximately 37% of theé area had,beén clear-
cut. Logging began in the late 1950’s. Some logging ‘
operations continued during the study. =Thé Yellowstone
fires of 198§'did not burn.thfough the study éreé although
portions of the Park just inside the Park-béﬁnéary did'burn

extensively;'

Beaver Creek

v

The third site, also located on the Gallatin National
. Forest, was across Hebgen Reservoir and 14 km northWeét of
the Flats study sité (Fig. 3). The Beaver‘creek étudy area
consisted of approximately 32 km"2 a;Ong Beaver Creek. It
was unroaded excep£ for one 7.5-km road in the drainage.
The topography of the Beaver Creek étudf area was  much |
steeper.thah the other study areas. Much of thelwest side
of the drainage was within the Lee Metcélf Wilderness.

- Elevations ranged from approkimately 2,000 to 2,800 m.
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Figure 3. Boundaries and drainage patterns on the Beaver
Creek study area (reprinted from Fager 1991).
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Spruce and subalpine fir dominated the creek bottom and
much of the steep valley sides. Douglas-fir was common.
Lodgepole pine occurred in successional stands of Douglas-
fir and subalpine fir habitat types.

Land uses included logging and recreation. Logging was
limited to several clearcuts on the east side of the
drainage. Approximately 6% of the area was clear-cut at the
time of the study. Big game hunting and hiking/camping were

the dominant recreational activities.



°

METHODS

Live-trapping

Beginning in September 1990, marten were live-trapped

with single—doqr Tomahawk live traps (15.2 cm x 15.2 cm X
45.7 cm and 17.8 cm x 17.8 cm. x 53.3 cm). Trapping wés
conddcted alternately at the Big Hole, Flats, and Beaver.
Creek study areas. This trapping effort was continued until
March 2, 1991 on the Big Hole study area, mid-May 1991 on
the Flats study area, and mid-February 1991 on the Beaver
Creek study area.- Access tb traps was gained from roads or
snowmobile trails.althoﬁgh some could Se reached only after
a walk of 1-2 km. Baits (antelppe, deer, elk hide/meat,

fish, fowl, jams, and suet) and scents (cinnamonaldehyde, .

annis, and sable oil) were used to attract martens to traps. -

All traps were covered with deadfall and/or evergreen boughs

A

and checked daily. _

All captured marten wére lightly aﬁesthétized (0.1-0.4
cc/marten) Qith ketamine hydrochloride (100 mg/ml).
Usually, the énimal was awake and its biinkinghreflex
uﬁimpaired during‘handling.4 Ophthalmic ointment was applied
in most caées as a precaufion;‘ Most of the marten were
mobile'within 5-10 minutes of handling.
| All marten were classified by sex and as juvenile or
adult based on sagittal_creét dévelopment (Marsha11'1951)._

Eartags were placed on all marten. Radio transmitters (AVM
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Instrument Co.,‘Livermore, CcAa or Télonics,,Mesa, AZ) were
placed on 18 of 31 captured marten. These collars had a
projéected life of 7-9 months and transmitted in the 1481mgHz
frequency range. They were not equipped with a moftality

signal.
Home Ranges and Daily Movements

Marten homé'rances were detérminéa using the minimum
convex polygon téchniqué (Mch; 1947) and the computer
program TELDAf (Lonner and Burkhalter 1992). Location
points used in home fange calculation included point
locétions from ground searches, triangulation'locatiqns, and
locations obtained from fixed—wing aircraft. |

In an effort to 1ndex marten movement, dally stralght
| line ‘distances between 1ocat10ns were calculated from UTM
coordlnates of,locatlons.' Only locations from consecutlve

days were utilized.

Small Mammal Live-trapping

N

In an effort to determine the availability of -small
mammals as food in éli study areas'acrOSS'several habitat
typec,’Sherman live traps baited with peanut butter and
rolled oats were placed in different cover types in fhe fall
of 1990 just‘befcre winter snow cover and again in the ‘ -
spring of 1991 cfter-snowmelt. The traps wére set in é

'single line of 50 or 2 parallel lines of 25. Each trap was
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prlaced approximately 5 m from_tﬁe ;ast trap. The*tréps were
kept open for 3.conseéﬁtive nights and checked every
morﬁing. Animals were identified to species and toe-clipped
for future identification; |

" There were 3 differéﬁt trap sites during the fall on
the Big Hole study area. Included were a dry lodgepole pine
uplénd,site, a spruce/fir creek bottom, and a recent
clearcut with little regeneration over 50 cm. The same 3

sites were trapped in the spring as well as a higher

elevation spruce/fir/beargrass (Xerophyllum tenax) site.

There were 4 sites trapped on the West Yellowstone
Flats during the fail of.1990. The first was a lodéepole
pine/bittérbrush upland site._ Other sites included a known
' marten foraging site in a dry lodgepole depression lacking
bitterbrush, a reéen; clearcut very similar in.structure'to
the clearcut on the Big Hole study area, and a wet bottom
near the. Madison River (once an actual bed of the river).
These 4 sites wereAtrapped again in the spring as well as a
site on the nor£ﬁ side of Horse Butte (at the approximate
center of a marten home rangé). | |

Nd sites wére trapped on the Eeaver Creek study area
during thé fall of 1990 but 5 line was established and |

trapped on the floodplain itself during the spring effort.
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Habitat Evaluation Using Radio Telemetry ILocations

Site characteristics at all confirmed marten locations
.flagged during_September 1990 to August 1991 were measured
during May to August 1991. Data collected in 1991 followed‘
procedures developed in 1990 by Fager (1991) for marten
locations and random plots. ' In an effort to determine use
and availability of habitat features, random plots measured
by Fager (1991) on the Big Hole study area were compared to
Big Hole marten locations from the 1990- 91 field season. -I

was unable to measure sets of random plots near radio-

_collared animals on the Flats or in Beaver Creek due to time

constralnts.

Fager s procedure was based on a modified timber stand
exam procedure (Un;ted States Department of Agriculture
1985).. Tree density on a variable radius_plot was
_determined using a basal area factor‘of 20. Tree species.
and diameter at breast height (DBH) were recorded for every

tree in the variabie radius plot. Age was determined by

'-coring the'largest tree of every species on the plot. A 20-.

m transect running due east from plot center was used to
evaluate the number and.size of deadfall intercepts. .
.Habitat type (Pfister et al. 1977) was deternined“at every
site. In addition to these standard USFS measurements,‘I
"declared alsite either mesic or xeric according to Warren
'(1989) and counted total snags >12.7 cm DBH within a 0.04 ha

plot'(Fager i991)l All locations were classified as old
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growth or non-old growth using Forest Service old growth

criteria (Table 28, Appendix)..

o

Habitat Evaluation Using ILong (3-8 km) Track.Transects

Four long (3—é km) track transects, 1 in the upper Big
Hole and 3 near West Yellowstone, weré establi;hedyand
examingd 3-5 times each'éver the winter. The intent was to
compare habitét characterisfics‘at track locations with the
same habitat characteristics at sites placed at even
E intervals (0.2 km) along the transect. Measurements taken
at marten -track locations and at 0.2-km intervals included
number of trees on a variable plot using a 20 basal area
factor, DBH of the largest tree, number of snags in a 0.04
ha plot, number of-deédfall,interceptions on a 20 m line,
.diameter of the largest deadfall intercépt, and habitat
type.

The Lily Laké trail in the uppér Big Hole (4 km) ran
from a sagebrush (Artemesia spp.)/Douglas-fir community at
approximately 1,950 m to a spruce/subalpine fir habitat type
along the lake shore at 2,200 m. The Tepee Creek transect
near.Wesf Yellowstone ran aloﬁg Liﬁtle'Tepee Creek at
élevations of 2,160 to 2,400 m. It began in a relativelyl
dry Dougias—fir/lodgepole pine zone and graded into a
predominately subalpine fir/whitebark pine_(Picea'gléuqa)
zone. The second long transect in the West Yellowstone

area, Specimen Creek, ran 4 km into Yellowstone Park. This
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covered a mixture of’lodgepole‘pine and subalpine fir.
Elevation ranged from 2,100 to 2,250 m. The third transect,
Cougar Creek, ran for 2.9 km east into Yellowstone Park. It
ran through a lodgepole cover type and stayed at a constant

elevation of approximately 2,000 m.

Population Monitoring Using Short (1 km) Track Transects

A set of 1-km transeéts was established at eacﬁ study
site (5 on the.Wisdom study area, 4 on the West Yellowstone
Flats, and 4 on the Beaver Creek study aréa) in 1989-90
‘ (Faéer 1991). I examined each tfansect for tracks 1é-48
hours after a snowfall. These transecté were fun in an
effort to determine the efficiency of tfack transecté as a

marten density index (Thompson et al. 1989).
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RESULTS

Live-trapping

Fifteen animals.Were,1ive—trapped from September 1990
to March 1991 in the Big Hole (Table 1). ' Seven were live-
trapped from'September 1990 to,May 1991 on the Flats and 9
from September 1990 to February,1991.in Beaver Creek. Two

adult males and 2 ‘adult females Were'live-trapped in Beaver

Creek after the trappers had moved out of the area as was 1 -

juvenile male on the Flats. The ﬁajority of animéls‘on.aliu3
study sites were classified.as adult. Females_odtnumbered'
"ﬁaies on the Big Hole and Flats study.areas (Teble 1). Chi-
square ana1y51s revealed no. s1gn1flcant dlfferences |

(p>0 05) with respect to age and sex compos1tlon between

seasons, sites, and years (1989 20 results from Fager 1991).
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Table 1. Results of 11ve—capture and radlo-collarlng
efforts on the 3 study areas.

Age/s Big Hole - Flats Beaver Creek
ex .

group : S ' ,
Adult 5 (3)* - 1 (1) 5 (4) .
males

Adult 4 (1) 3 (2) 2 (2)
fe- ‘

males ) .

Juv- 2 (2) 2 (2) 0 (0)
enile

males )

Juv- 4 (0) 1 (1) "2 (0)
enile '
fe-
males

Total 15 (6) 7 (6) 9 (6)
* The number of radio-collared individuals are given in
parentheses.

There were several seaeonal and.spatial differences in
live-trapping success rates (Table 2). Chi-square analysis
sqggested significant differences (p<0.05) between fall
trapping success on the Big Hole and Flats (chi-equare=4.46,
df=1, p=0.036), fall trapping succese in Beaver Creek and on
the Flats (chi-square=4.40, df=1, p=0.036), winter trapping
success on the Big Hole and in Beaver Creek (chi— .
square=7.17, df=1, p=0.0075), and winter success in Beaver
Creek and on'the Flats (chi-square=4.87, af=1, p=0.027)e
significant differences (p§0.05) existed‘between years
(1989 90 data from Fager 1991) with respect to llve—trapplng

success rates.
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Table 2. Seasonal success rates ' (trap nights per marten) of’
live-trapping efforts on the 3 study areas.

Study Total Fall - Winter Overall
area marten success success success
caught rates rates rates

(September (December -
-November) -—March)

Big 15 103 , 254 133
Hole : : .

Flats 7 456 199 283
Beaver .9 93 50 74
ck.

Fur—trapping

Flats - -
Four trappers ﬁere_active on the Flats study‘érea.
Some. trappers ran ;ines with up to 7:traps per km while
other trappers had singlé-traps set in 1 or 2 places élong
the highway that could‘be'checked daily with 1itt;e effort.
o Of the 6 marten that were live-trapped on the Flats
before and during the trapping season, 2 wére harvested by
frappers-(Table'3). -Both of the harvested marten were
'juveniies, 1 male and i female. Total_trapper‘harvesf was 7
marten. The 2 marked marten represented 29% of the total
harvest. A simple Peterson iﬁdex estimate (using numbers of
:animais marked and harﬁested) of the marten-populétion 6n
the 64 kn~2 study area would bé.21‘animals during the |

trapping season (assuming no ingress or egress).

7
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Table 3. 1990-91 harvest of marked and unmarked marten on
the Flats and Beaver Creek. '

Study Marten Marked - Marked % of
area harvested marten marten harvest
harvested
Flats 7 6 2-3 29-43%
: (1AM, 3AF, (1JM, 1JF,
1JM, 1 JF)* poss. 1AF)
Beaver 6 4 T 3-4 50-67%
Creek (4M, 2F) (3AM, 1JF) (3AM, O-
road 1JF) -
Beaver 9 1 0-1 0-11%
Creek (1JF) - (0-1JF)
trail

* M=male, F=female, AM=adult male, AF=adult female,
JM=juvenile male, JF=juvenile female.

The female that was identified as having been live- -
trapped was harvested 5.4 km from her live-capture site. TI.

was unable to accurately identify trap locations of the

other marked marten due to insufficient trapper return data.

Sex ratio of the harvest was not accurately reported.

Beaver Creck

The Beaver Creek study area was trapped by 2 trappers.
One trapper ran a trapline with 9 traps per km along the

entire roaded portion of the drainage. The second trapper

placed 7 traps per km along 4.2 km of trail starting at the

end of the road.

Oof the 4 marten that had been marked along the roaded
portion of Beaver Creek before the trapping season (Table
3), the 3 adult males were harvested. A total of 6 marten

were harvested along the roaded portion of Beaver éreek.

-
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The 3 marked marten made up 50% of the harvést; Peterson
'index estimates based on these numbers Qere 8 in the roaded
portion of the drainage. Distances between live capture
points and harvest points for the 3 males were 1.4, 1.6, and
0.6 kilometers. Chi-square analysis revealed no significant
differences (p>0.05) between the composition of males and
females in the Beaver Creek harvests of 1989-90 (Fager 1991)"
and 1990-91. |

6ne juvenile female was eartagged along the trail in-
the unroaded portion.of-the drainage prior to the trapping
season (Table 3). Nine marten were legally harvested in
this’area (Table 35. The‘traéper did not accurately report

sex ratios or:condition of the ears on harvested marten so

it is not known if the juvenile female was harvested.

HomelRanges and Daily Movements

Oover half: of the radios malfqnctioned or disappeared
from the study areas before adequate numbers of locations'v
for home range calculétions could be collected. Home ranges
and consecutive day movements Qere calculated. for 7 martén
with 255 total locations (Table 4). "Consecutive day
movements tended to increase as home range size'increased
(r=0;88,.p<0.05). ‘The numbgr of resting sites.used‘mofe_.
than once also appeared to be related to home range sizé
(Table 4). A negative relationéhip between home range size

and repeat rest locations was found (r=-0.9533, p<0.05f.
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- Table 4. Home ranges and movements of radio-collared marten
on the Big Hole, Flats, and Beaver Creek study ‘

areas. _
Consecutive " Area ratio of
day movements (km”2) repeat to
: total
rest
. locations
Big Hole adult 2.2 km 8.5 : 6:21
male 636 ) (n=12) - (n=26) . (29%)
‘Big Hole adult 1.4 km 8.8 2:8
female 261 (n=14) (n=25) - (25%)
Big Hole 2.25 km 9.7 . '5:20
juvenile male . (n=11) - (n=27) (25%) .
221 M X
Big Hole ° 1.0 km- 3.3 -13:26
juvenile male (n=20) (n=35) . (50%)
613 ' .
Flats .adult 0.5 km 1.3 19:37
" female 587 (n=33) (n=58) (51%)
.Beaver Creek 1.1 km 6.9 13:31
adult female (n=21) (n=41) (42%)
280 : o
Flats adult : 0.7 km - - 1.7 6:10
female 528 (n=1) (n=13) (60%)
Small Mammal Live-trapping . :
Big Hole

Small maﬁmal trapping during the fall at 3 sites on the
Big Hole study area (150 trap nights/site) resulted -in
_captures of 8 animals of 3 speciss (Table 5). ~"i'otal rodént
capﬁuré success was 1;8 captures/100 trap nights (Tablé 6)
whlle red-backed vole (Clethrionomys ga pperl) capture
success was 1. 3 captures/loo trap nlghts (Table 7))

Spring trapping (150 trap n;ghts at each of 4 sites)'
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;esulted in captures of 22 animals representing 3 species.
‘There were no recaptures-of animals oriéinaIly cauéht'during
the spring effort, Total rodent capfure sucéess was 3.7'
captures/ioo trap nights while red—backed voie capture
success was 0.7 capfures/loo trap nights. During both fall
and éﬁring, red-backed voles were most frequently.captured
at the more meéic sites. '. -

Table 5: Small mammal trapping results from the Big Hole
‘study area, 1990-91.

Dry Spruce/flr Clearcut Spruce/fir
lodgepole riparian - /beargrass
p1ne
Fall 1 DM * " 5 RBV 1 RBV, not
(11/1/90- , , 1 -MP trapped
11/4/91) o ' - . .
' Spring 1¢eM, 1 1 RBV, 3 6 YP "2 RBV,
(6/14/91- RBV YP , 8 YP
6/17/91) '

* DM=deer mouse (Peromvscus maniculatus), RBV=red-
backed vole (Clethrionomys gapperi), MP=mountain phenacomys
(Phenacomys intermedius), GM—golden-manteled ground squirrel
(Citellus 1ateralls), and YP=yellow pine chipmunk (Eutamlas
amoenus) .

Table 6. Total rodent trapping success rates (captures/lOO
trap nights) during fall and spring on the Big
Hole, Flats, and Beaver Creek study areas.

Study afea' Fall success Spring ' ‘Total success
success

Big Hole 1.8 3.7 2.9

"Flats 9.0 8.9 9.0

Beaver Creek not trapped 9.3 9.3
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Table 7. Red-backed vole (Clethrionomys gapperi) trapping
success rates (captures/loo trap nights) during
fall and spring on the B1g Hole, Flats, and Beaver
Creek study areas. -

Study'area Fall success Spring ' Total success
, success

Big Hole _ 1.3 - 0.7

Flats 0.3 1.3

Beaver Creek not tfapped 2.7 2.7 \

Flats

Small mammal trapping on the Flats produced
captures of 54 animals representlng 4 species durlng the
fall effort (150 trap nights at each of 4 sites) (Table 8).

The total rodent capture rate was 9.0 captures/loo trap

nights (Table 6) while the red—backed vole capture rate was

0.3 captures/loo trap nights (Table 7).

The spring effort (150 trap nights at each of 5- 51tes)
resulted in captures of 67 animals representing 4»specigs.
There were 18 recaptured deer micé.' The total rodeni
capture rate was 8;9 cabtures/lbo trap nights. The red-

backed vole capture rate was 1.3 captures/100 trap nights.

Red-backed voles were most abundant on the more mesic sites -

with deer mice.beihg captured at all sites except on Horse

Butte.
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Table 8. Small mammal trapping results from the Flats,

1990-91.
Lodge- Lodge- Clearcut Lodge- Douglas
pole pole . pole . -fir
pine/bit pine pine /sub-
-ter dry ' . wet alpine
brush bottom " bottom fir
Fall 13 DM -* 10 DM, 24 DM, 1 DM, not
(10/25/90~- . 2 RBV, 1 YPp 2 8 trapped
10/28/90) . 18 ‘
Spring 9 DM (5 13 DM 18 DM (9 2 DM (1 10 RBV
(5/23/91- recap.),. (3 recap.), Trecap.)
5/26/91) 4 YP recap.) 5 ¥YP. P
’ ' .28, 3
1 YP YP

*# DM=deer mouse (Peromyscus maniculatus), RBV=red-
backed vole (Clethrionomys gapperi),. YP=yellow pine chipmunk
(Eutamias amoenus), and S=shrew (Sorex sp.)

Beaver Creek

€ N

Small mammal'trapbing in Beaver Creek (done only frqm
5/23/91 to 5/26/91 with 150 trap nights at 1 site) produced
10 deer mice and 4 red-backed voles. Total rodent éaptﬁre
succeés Was.9.3'captures/100'trap nightsl(Téble 6). Red-

- backed vole capture-successlwas 2.7 captufes/loo trap nights
(Table 7). The trap site, as was most of thé Beaver Creek
study area, was:predominafely mesic. |

Differences between total rodent capture sucéess ratesl
existed in the: fall between the Big ﬁole and Flats:(chi—
square=21.68} df=1, p<0«01i, in sprinq betwgen the
Big ﬁole and Flats (chi-square=13.24, df=1, p<0.01l) and
in spring between the Big Hole and Beaver Creek ‘(chi-

square=7.42, df=l, p<0.01). Differences between red-backed

vole capture success rates were ‘not apparent (p>0.05) except
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during the/spring between the Big Hole and Beaver Creek

(chi-square=4.40, df=1, p=0.04).

Habitat Evaluation Using Radio Telemetry Locations

Radio-collared aniﬁals produced too few locations in
- areas sampled by random point sets on the Flats and in
Béaver Creék for habitat characferistics use and
availability analysis. I, therefore, limited habitat use

evaluation to the Big Hole study area.

Live Tree Numberé and Sizes

When data for all Big Hole study area marten were
combined, there were more subalpine fir (£=2.36, §<0.61f and
épruce (t=4.56,'p<0.01)‘on marten location plots and fewer
lodgepole (t=2.97, p<0.01) than there were in random piots
(Table 9). Subalpine fir (t=3.61, p<0.01) and Engelmann
spruce (t=2.37, p<6.01),at marten locations were |
significant}y larger than fir andvspruce trees in random

plots (Table 10).
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Mean (SD) numbers of live trees >12. 7 cm DBH at

random plots and all marten locatlons on the B1g
Hole study area.

- Aver. Aver. ,Aver. _Aver.

. number number of number of number of
of live live live . : live
subalpin Engelmann lodgepole Douglas~-
e fir spruce pine >12.7 fir >12.7

' >12.7 cm >12.7. cm cm - cm

Big 0.9 . 1.0 2.7 0.4
Hole (1.5) (2.3) (2.4) (1.2)
random . .
points :
(n=110) ,

Big - 1.4 * 2.7 * 1.8 * 0.5
Hole (1.9) (3.5) (1.9) (1.5)
marten

loc-

ations

(n=113)

* indicates a difference betWeen marten locations.

and random points at the 0.03 level of significance.

Table 10. Mean (SD) diameters of live trees >12.7 cm DBH at

random plots and ‘all marten locatlons on the
Big Hole study area.
Aver. dia. Aver. dia. Aver. dia.. Aver. dia.
of live of live of live of live
subalpine Engelmann lodgepole  Douglas-
fir >12.7 spruce " pine >12.7 fir >12.7
cm - >12.7 -cm cm oo cm - ‘
Big 23.0 40.7 22.5 39.8
Hole (7.9) (13.0) (10.7) . (22.9)
- rahdom (n=97) (n=104) (n=299) (n=42)
plots - ' .
Big. 27..8 * 46.2 * 23.2 34.8
Hole - (11.6) (19.2) (6.8) (14.5)
marten - (n=156) (n=308) (n=206) (n=61)
loc- .
ations

* jndlcates a dlfference between marten locatlons and
random plots at the 0.03 level of 51gn1flcance.
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The 4 individual ﬁarten located frequently enough for
individual analysis variea wifh;respect to tree number and
size. One adult male on the Big Hole study area, 636, used
sites that had larger (t=i.97, p<0.03) and more subalpihe
fir (t=3.00, p<0.01), more spruce (t=6.55, p<0.0l1l), and
fewer lodgepole pine (t=3.10, p<0.01)'than total random.
plots (Tables 11 and 12). Locationé ﬁsed by 261, an adult

female, had larger (t=2.07, p<0.03) and more subalpine fir

(t=2.81, p<0.01) and largér (t=2.45, p<0.0l1l) and more spruce.

(t=4.62, p%0.000S) ahd fewer lodgepole pine (t=2.58, p<0.01)
than total random plots. ﬁarten 221, a 'juvenile male, did
not use sites that diffefed significantly from total réndom
sites with respect to sizes and numbers of different tree-
species. A second juvenile male, 613, used plots with
lafger subalpine fir (t=3.68, p<0.0l1) and spruce trées
(t=5.00, p<0.01) and more Douglas-fir (t=3.27, p<0.0l1l) than
was found on random plots. This pattern was influenced by a
site used at . least 9 different times that had one large

spruce 89.7 cm in diameter.
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Mean (SD) numbers of live trees >12.7 cm DBH at

Table 11.
' random plots and individual marten locations on
the Big Hole study area.
Aver. Aver. Aver. " Aver.
number of number of number of number of
live live live live
subalpine Engelmann lodgepole Douglas-
fir >12.7 spruce pine fir >12.7°
cm >12.7 cm >12.7 cm cm -
Random - 0.9 . 1.0 2.7 0.4
plots (1.5) (2.2) (2.4) ' (1.3)
(n=110) '
Adult 2.0 * 7.4 * 1.1 * ~ trace
male 636 (2.1) (8.6) (1.7)
(n=25) : :
Adult 1.9 * 3.6 * 1.3 * trace I
female (2.1) (3.7) (1.9) . :
261
(n=24)
Juvenile 0.5 1.6 3.0 0.7
male 221 - (1.0) (3.2) (2.0) (1.6)
(n=26)
Juvenile 1.5 1.8 2.0 1.4 *
male 613 (2.1) (2.4) (1.8) (2.1)
(n=33)

* indicates a difference between marten locations and

random plots at the 0.03 level of significance.
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Table 12.
random plots and individual marten locations -
on the Big Hole study area. :
Aver. dia. Aver. dia. Aver. dia. Aver.
of live of live of live dia. of
sub- . Engelmann lodgepole live
-alpine fir spruce’ pine >12.7 Douglas-
>12.7 cm >12.7 cm cm fir >12.7
cm
Random 23.0 40.7 22.5 39.8
plots (7.9) (13.0) (10.7) (22.9)
(n=97) (n=104) (n=299) (n=42)
Adult 25.7 * 43.1 .25.2 unknown
male 636 (7.6) (14.6) (6.0) ~
(n=49) (n=92) (n=28)
Adult 26.4 * 45.6 * 25.6 unknown -
female (10.9) (14.6) (7.5)
261 (n=43) - . (n=87) (n=32) _
Juvenile - 23.2 35.9 '20.9 39.0
‘male 221 (6.8)' (15.3) (6.1) (15.1)
(n=13) (n=41) (n=77) (n=17)
Juvenile 29.3 * 56.4 * 24,1 . 34.3
male 613 (12.8) - (27.1) (7.0) (16.0)
(n=50)" (n=60) (n=67) (n=45)

* Indicates a difference between marten locations and
random plots at the 0.03 level of significance.

Deadfall and Snag Numbers and Sizes

In comparisons of random plots and all marten

locations, deadfall >23 cm in diameter (t=2.18,  p<0.03), all

snags >12.7 DBH (t=4.09, p<0.01), and snags >23 cm DBH

(t=3.63, p<0.0l) were more abundant at marten locations

(Table 13). The average diaméter of'deadfall'at marten .
locations was significantly greater than the diameter of

deadfall at random plots (t=3.14, p<0.Qi).




29

Table 13. Mean (SD) numbers of snags and deadfall at random
plots and all marten locations on the Big Hole

study area.

Aver. Aver. Aver. Aver. Aver.
number number number of number of dia. of
of . of deadfall deadfall deadfall
snags snags inter- inter- - inter-
>23 cm >12.7 . cepts cepts > cepts
cm - >7.6 cm < 23 cm >7.6 cm
Big 0.4 3.1 5.7 0.9 15.7
Hole (0.8) (2.4) (3.5) (1.2) (5.1)
random (n=111) (n=110) (n=111) (n=111) (n=106)
plots
Big 1.0 * 4.8 * 4.9 : 1.2 * 18.0 *
Hole . (1.6) (3.9) (4.0) (1.4) (4.7)
marten (n=113) (n=113) (n=113) (n=113) (n=83)
loc- ‘ o
ations

¥ indicates a difference between marten locations and
random plots at the 0.03 level of significance.

’

Locations of individual marten varied in deadfall and
snag numbers and sizes. The locations for marten 636.had
more shags >12.7 cm DBH than Big Hole randbm plots (t=5-°4;,
p<0.01) (Table 14). Martenlésl used sites where deadfall
>23 cm in diameter (t=2.76,>p<0.01) and snags >12.7 DBH
(t=4.56, p<0.01), and snags >23 cm DBH (t=7.04, p<d.01)’were
more abundant than they were at random plots. Deadfall
intercepts on marten 261’s locations were larger fhan
intercepts at random plots (t=1.98, p<0.03). Marten 221
used sites that did not appear to differ from random plots
with respect to sizes and numbers of deadfall and snags.
Sites used by 613 had fewer deadfali intercepts >7.6 cm in
diameter (t=5.47, p<0.0l1l) but more snags >1é.7‘DBH (t=4;09,‘

p<0.01) and more snags >23 cm DBH (t=2.45, p<0.0l1l) than
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random plots did. The average deadfall diameter at marten
613’s locations was larger than that at random plots
(t=4.02, p<0.01).
Table 14. Mean (SD) numbers of snags and deadfall at random

plots and. 1nd1v1dual marten locations on the B1g
Hole study area.:

Aver.  Aver. Aver. Aver. Aver.

number  number number number  dia. of

of of snags of of deadfall

snags ° >12.7 cm deadfall deéadfall inter-

>23 cm . ' inter- inter- cepts

‘ cepts cepts = >7.6 cm
. >23 Ccm >7.6 cm

Random 0.4 - 3.1 0.9 5.7 " 15.7
plots (0.8) (2.4) (1.2) (3.4) © (5.1)

(n=111) . (n=110) (n=111) . (n=111) (n=106)
Adult 0.8 5.9 * 1.3 6.5 17.3
male (1.1) (3.5) (1.3) - (4.8) (4.3) .
636 (n=25) (n=25) (n=25) (n=25) (n=24)
Adult 2.3 * 6.3 * 1.7 * 6.0 - 18.1 *
female (2.1) (5.6) (1.5) (3.8) - (6.1)
261 = (n=24) (n=24) (n=24) (n=24) - . (n=23)
Juven- 0.4 2.4 - 1.0 - 4.7 " 17.6
ile (0.5) . .(2.5) (1.3) (3.1) (3.5)
‘male (n=26) (n=26) (n=26) (n=26) (n=25)
221 -
Juven- 0.9 * 5.0 * 1.1 2.3 * -~ - 12.0 *
ile (1.5) (2.5) - (1.4) (2.2) ‘ (5.2) -
male (n=33) (n=33) (n=33) (n=33) - (n=30)
613 ' '

* Indicates a difference between marten locations and
. random plots at the 0.03 level of significance.

' Habitat Type Use versus Availability

| In comparisons of'plot‘ithfmation from random points
and all ﬁarten locations, all habitat types were'used in |
proportion tdlavailabilify exceﬁt for the mgsic subalpine

fir.type:(Table 15). This type was used more than expected.
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Table 15. 'Numbers of marten locations and random points in
different habitat types on the Big Hole study
area. Values outside 91% Bonferroni confidence
intervals were considered selection for or
against any specific type.

Mesic Xeric Lodge— Spruce Douglas Scree
sub- sub- pole -fir

alpine alpine pine , ‘

fir - fir

Random 13 68 11 4 15 5.
points
(n=116)

Total 51 (+) * 71 9 5 15 4
loc- .

ations-

(n=155)

Adult 14 (+) 11 0(-) o 0(-) 0
male

636

(n=25)

Adult 14 (+) 10 0(-) 0 o(-) . 0
female ' _ : ,
261

(n=24) ‘

Juv- 5 . 14 5 ‘0 1 1
enile n ' :
male

221

(n=26)

Juv- 5 24 1 0 . 3 0
enile ' . '
male
613
(n=33)
* (+) 1ndicates apparent selection whlle (-) 1nd1cates
apparent avoidance or nonuse.

When locations for individual marten were compared to

all random points (Table 15), 2 .of the marten selected mesic

subalpine fir while avoiding lodgepole pine and Douglas-fir.
The other 2 marten used all habitat types in proportion to

their availability. -
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Mesic versus Xeric Sites
For Big Hole marten locations, the.lbcations classified

as mesic had more Engelmann spruce (t—6 81, p<o0. 01) and

fewer lodgepole pine (t=5.15, p<o0. 01) (Table 16) as well as

larger lodgepole pine (t=2.00, p<0.03) than locations in
more xeric habitat types (Table 17); Aﬁ Big Hole‘mesic
random plqts, thére were more (t=9.00, p<0.01) and larger
(t=2.69, p<0.01) Engelméhn spruce and larger lodgepole pine
(t=2.62, p<0.01l) (Tables 18 and 19) than at random plots at
.dry sites. -

!

Table 16. Mean (SD) numbers-of live trees > 12.7. cm DBH at

mesic and xeric marten locations on the B1g
Hole study area.

Aver. Aver. number Aver..
number of of .live number of
live:. - Engelmann - live
subalpine spruce trees lodgepole
fir trees >12.7 cm’ pine trees
>12.7 cm ) ‘ ©>12.7 cnm
Mesic marten - 1.6 5.1 ' 0.7
locations - (1.6) - (4.1) o (1.4)
(n=43) ' I -
Xeric marten . o 1.3 1.3 * . 2.5 *
locations - (2.1) (1.9) (1.9)
(n=70) - : - ' N

~ % 1ndicates a difference betweéen mesic and xerlc marten
1ocatlons at the 0.03 level of significance.
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Table 17. Mean (SD) diameters of 11ve trees >12.7 cn DBH at
-mesic and xeric marten locations on the Big
Hole study area. .

Aver. dia.

. Aver. dia.

Aver. dia.

of live of live of live
subalpine Engelmann lodgepole
fir >12.7 . spruce pine >12.7
cm - >12.7 cm cm
Mesic 26.8 45.6 25.4
marten (9.9) (15.8) . (6.7)
locations (n=68) (n=220) (n=32)
Xeric 26.9 47.8 22.8 *
marten (11.3) (24.8) (6.8)
locations . (n=93) "(n=88) (n=174)

_ * indicates a difference between mesic and xeric marten
locations at the 0.03 level of significance..

Table 18. Mean (SD) numbers of live trees >12.7 cm DBH at
mesic and xeric random plots .on the Big Hole

~study area.

Aver. number

Aver. number

Aver. number

of live of live of live
subalpine fir Engelmann lodgepole pine
>12.7 cm spruce >12.7 >12.7 cm
cm
Mesic 1.4 4.3 1.7
random - (1.8) (3.9) (2.6)
plots :
(n=18)
Xeric 0.8 0.3 * 2.9
random (1.3) (0.8) (2.4)
plots
(n=93)

* 1nd1cates a dlfference between mesic and xeric'random
plots at the 0.03 level of significance.
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Table 19. Mean (SD) diameters of live trees >12.7 cm DBH at

mesic and xeric random plots on the Big Hole
study area.

Aver. dia. Aver. dia. Aver. dia.

of .live . of ‘live of live
subalpine Engelmann lodgepole
fir >12.7. spruce - pine >12.7
cm >12.7 cm ‘cm
Mesic 21.3 42.7 24 .4
_random (6.2) (12.9) (6.8)
plots : (n=26) (n=77) (n=31
Xeric 23.4 _ . 35.1 * 21.7 *
random : (8.4) (11.8) - (5.2)
plots (n=70) . (n=27) (n=269)

* indicates a difference between mesic and xeric random
plots at the 0.03 level of significance.- :

Deadfall/snag data indicated that the only difference -
between mesic and xeric Big Hole marten locations was the-
greater number of 12.7+ cm snags at mesic sites (t=3.87,
p;0.0l) (Table 20). Mesic Big Hole random plots differed
from their xeric counterparts in that average deadfall éize

was greater at mesic sites (t=2.38, p<0.01) (Table 21).
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\

Mean (SD) numbers of snags and deadfall at mesic

Table 20.-
' and xeric marten locations on the Big Hole study
area., ‘ '
Aver. Aver. Aver. Aver. Aver.
num- num- number number dia. of
ber of ber of of of dead-
sSnags snags dead- dead- fall
>23 cm >12.7 fall fall inter-
 cm. inter-  inter- cepts
cepts cepts >7.6 cm. -
>7.6 ¢m >23 cm :
MesSic 1.3 6.5 5.3 1.2 ©18.2
marten (1.8) (4.4) (4.4) (1.3)  (5.7)
loc- (n=43) (n=43) (n=43) (n=43) (n=41)
ations . )
Xeric 0.8 3.8 * 4.7 1.3 18.3
marten (1.3) (3.1) (3.8) (1.4) (4.2)
loc- (n=70) (n=70) (n=70) (n=70) _(n=67)

ations

%* 1nd1cates a difference between mesic and xeric marten '

locatlons at the 0.03 level of. significance.
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Table 21. Mean (SD) numbers of snags and deadfall at mesic
' and xeric random plots on the Big Hole study

area.
Aver. Aver. Aver. Aver. Aver.
number number number number dia.
of of of of of
snags snags dead- dead- dead-
>23 cm >12.7 fall fall fall
cm inter- inter- inter-
cepts. cepts cepts
- >7.6 >23 cm  >7.6
cm cm
" Mesic 0.4 3.3 5.3 1.4 18.3
random (0.6) (1.9) (3.2) (1.5) (8.1)
plots . : :
(n=18)
Xeric 0.4 3.0 5.7 0.8 15.2 *
random (0.9) (2.4) (3.5) (1.1) (4.2)
plots
(n=93) .

* indicates a difference between mesic and Xeric random

plots at the 0.03 level of significance.

01d Growth Use versus Availability

Seventy—§ne percent of all marten locations on the Big

Hole study area were at sites classified as old growth using

USFS criteria (Table 28, Appendix). . When Big Hole random

. plots were compared to all Big Hole marten locations, marten

were located in old growth situétions more frequently than

expected (Table 22). Two of 4 individual marten selected

old growth conditions (Table 22).
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Table 22. Number of locations that met -0ld growth .
minimum criteria on the Big Hole study area.
Selection was determined using 91% Bonferron1
confidence intervals. :

0l1ld growth Total
locations

Randoms points ' 52 109
Marten . 69 * S 97
locations .
Adult male 636 21 * . 25
Adult female 21 % 24
261
Juvenile male ) 26
221
Juvenile male 18 - ‘ 32
613 '

* indicates apparent selection.
Habitat Evaluation Using I.ong (3-8 km) Track Transects |

Lily Take Transect (4 km)

Long transects produced results similar~to those
obtained Qia radio téleme;ry; The tféck location plots on
the Lily Lake long transect had more total live trees >12.7
cm DBH (t=4.01, p<0.0l1), larger trees (t=2.43, p<0.0l1l), more

snags >12.7 cm DBH (t=4.39 p<0.01), and bigger deadfall

(t=2.67, p<0. 01) than the nontrack locations (Table 23). On

the Llly Lake trail, xeric subalplne fir was preferred whlle

Douglas-fir cover types appeared to be avoided (Table 23).
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Table 23. Mean (SD) numbers of trees, snags, and -
- deadfall and habitat type use and availability
on the Lily Lake long (4 km) track transect.

Variable Nontrack (n=31). Track (n=9)
Aver. number of 5.9 o 12.6 *
trees per plot (4.2) ) (5.2)
>12.7 cm ' ‘ ' i
Aver. dia. of 52.6 73.8 * -
biggest tree on (20.7) (30.1)
plot (cm) - "
Aver. number of 1.4 5.1 %
snags per plot (2.3) - o (2.1)
" >12.7 cm . ‘ ‘
Aver. number of 1.9 . 3.8

deadfall o (2.1) (3.7)
intercepts per ;
- plot >7.6 cm

Aver. dia. of 24.4 . 33.4 *

biggest deadfall’ (8.4) - (10.6)
intercept per plot :

(cm)

Meadow 1 0
Mesic subalpine -2

fir '

Xeric subalpine 7 6 +
fir

Douglas fir - 21 o -

~% indlicates a difference between track and nontrack
locations at the 0.03 level of significance while (+)
indicates selection and {(-) indicates avoidance.

Tepee Creek Transect (8 km)

The plots at track locatiéhs on fhe‘Tepee Creek-
transect had larger trees (t=3.11, p<0.0l1l) and more deadfall
intercepts >7.6 cm in diameter (t=2.33, p<0.03) than the
noﬁtrack plots (Tabie 24). Mesic subalpine fir was seieqted
on the Tepee éreek transect while lodgepoie pine was avoided

(Table 24).
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Table 24. Mean (SD) numbers of trees, snags, and deadfall
and habitat use and availability on the Tepee
Creek long (8 km) track transect.

Variable Nontrack (n=26) Track (n=55)
Aver. number of 5.4 6.2
trees per plot (3.3) (3.3)
>12.7 cm ,

Aver. dia. of 11.9 . 15.7 *
biggest tree on (5.0) (5.2)
plot (cm)

Aver. number of 9.4 - 9.7
snags per plot (10.7) . (7.8)
>12.7 cm ‘ ’ :
Aver. number of 1.7 ) 2.8 #

deadfall N (1.9) (1.9)
intercepts per :
plot >7.6 cm

Aver. dia. of 19.7 21.9

biggest deadfall (7.0) ©(6.7)
intercept per plot

(cm)

Mesic subalpine 4 - S22 +
fir .

Xeric subalpine 11 ‘ 31
fir - _
Lodgepole pine 8 'l -
Douglas-fir 3 1

* 1ndicates a difference between track and nontrack
locations at the 0.03 level of significance while (+)
indicates selection and (-) indicates avoidance.

Specimen Creek Transect (4‘km)

The only difference between track and nontrack plots on

the Specimen Creek long transect was more snags >12.7 cm DBH
on the track plots (t=2.47, p<0.01l) (Table 25). On the
'Specimen Creek transect, xeric subalpine fir was selected

while meadows were avoided (Table 25).
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Mean (SD) numbers of trees, snags, and'deadféll

and habitat use and availability on the Specimen
Creek long (4 km) track transect.

Variable Nontrack (n=26) Track (n=16)
Aver. number of 4.9 . 6.3
trees per plot (3.3) (2.6)
>12.7 cm ' :

Aver. dia. .of 142.2 42.8
biggest tree on (10.2) (6.7)
plot (cm) :
Aver. number of 4.0: 6.7 *
snags per plot (3.6) (3.2)
>12.7 cm _

" Aver. number of 2.7 4.4
deadfall (4.0) (3.6)

" intercepts per

plot >7.6 cm '
Aver. dia. of 19.9 19.9
biggest deadfall (5.2) (6.4)
intercept per plot
(cm)

Mesic subalpine’ p 2
fir .

. Xeric subalpine 9 14 +
fir ' '
Spruce 1 0]
Douglas-fir 1 0
Willow 2 0
Meadow 9 0 -

* 1ndicates a differe

nce between track aha nontrack

locations at the 0.03 level of significance while (+)
indicates selection and (-) indicates avoidance.

Cougar Creek Transect (3 km)

Plots at track locations on the Cougar Creek long

transect had.larger'trees (t=3.08, p<0.01) and more deadfall

intefcepts >7.6 cm 'in diameter (t=2.49, p<0.01) than the

nontrack  locations (Table 26);

This transect ran through a




hohogeneous lodgepole pine/bitterbrush cover type.
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and deadfall

Table 26. Mean (SD) numbers of trees, snags,

' on the Cougar Creek long (3 km) track transect.’
Aver. Aver. Aver. Aver. Aver.
nunmber " dia. of number number dia. of
of trees biggest of snags of biggest
.per plot tree on per plot deadfall deadfall
>12.7 cm plot. >12.7 cm intercep intercep

(cm) . ts per t on
plot plot
>7.6 cm (cm)

Non-— . 3.3 25.3° no data 0.7 15.2
track (2.8) (6.7) : (1.1) (8.5)
n=19

Track. 4.7 32.1 * no data 1.9 * 20.1
n=21 (2.9) (7.2) {1.9) (5.4)

* indicates a difference between track and nontrack
locations at the 0.03 level of significance.

Population Monitoring Using Short (1 km) Track Transects

Statistical analysis of short (1 km) track transect

results (Table 27) revealed only 1 difference between

transeqté within study areas.

Transect 2 differed from

transect 4 on the Beaver Creek study area (t=2.27, p<0.05).

Statistical analysis of short {rack transect results between

_study areas suggested only 1 statistical difference. The

Big Hole and Beaver Creék transects produced different

results (t=3.32, p<0.01l) (Table 27).
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(1.2)

Table 27. Results of short (1 km) track transects on the

three study areas.

Transect ID Aver. (SD) number Number of trials
of tracks/12 hr
period following
snowfall

Big Hole Transect 0.5 14

1 (0.8)

' Big Hole Transect 0.3 12
2 (0.5) :
Big Hole Transect 0.3 11
3 - (0.5)

Big Hole Transect 0.1 11

4 - : (0.3)

Big Hole Transect 0.1 10

5 I (0.1)

Flats Transect 1 0.3 4

- (0.5)
Flats Transect 2 0.5 4
' (0.7)
Flats Transect 3 0.7 - 4
. (1.3)
Flats Transect 4 0.5 4
’ (1-0) ’ *

Beaver Creek . 0.3 3

Transect- 1 (0.6).

Beaver Creek 0.2 3

Transect 2 (0.3)

Beaver Creek 1.3 2

Transect 3 (0.9)

Beaver Creek 2.2 3

Transect 4 (1.5)

Big Hole Total’ 0.3 58
(0.5)

Flats Total 0.5 16

' . (0.9)

Beaver Creek Total 1.0 11
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DISCUSSION

Impacts of Fur-trapping

Fur-trappers killed more marten‘thaﬁ I 1ive—£rapped in'
the Flats and Beaver Creek study sites. Although this ééuld‘
‘be due to.sevefal factors such as different baits and lures
and possibly greater efficiency of harvest/removal traps (as
opposed to live—capfure traps), I believe experience, higher
trap densitieé, marten removals due to harvest gfforts, and
perhaps timing were the most influential factors. I trapped
predominately in the fall while fur-trappers-were'active in
December.and January. _ |

Hawiey and Newby (1957) noted that trapﬁing success was
best during the winter. when food was least available for
martens. They also notea that marten were more likely to
‘move into vacant areas than areas occupied by marten.
Zielinski et al. (198§) and Lensink et al. (1955) felt that
movement increased as food for martens decreased (wintef){
Removal trapping may create openings that encourage
immigration which provides more marten for traéping (Quick .
1956) . . Tﬁe qombination 6f winter conditions and harvest
removals may explain the high.winter live—frapping success
.on the trapped Flats and Beaver Creek as opposed to fhe
higher fail success‘on the untrapped Big‘Holé study area

(Table 2).
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Of the 2 sites I studied that wefeatrapped (Beévef
Creek and the Flats),'markeq marten made up the lowest
percentage of the total harvest in the area that had the
least security and the poorest habitat, the Flats (Table 35.
Although survival and resident marten density were low in.
~ the Flats, populations were supplemented by iﬁmigration from
neighboriﬁg Yellowstone National Park. The high Peterson
index estimate (coﬁpared to live-capture and fur-trapping
'résults) is invalid due to the incorrect assumption of no
egress or ingress.

Much of .the discussion on maintaining marten
populations has been based on the idea of maintaining core
.areas that are not trapped and consequently act as source
areas for outlying pqpulation sinks (de Vos 1951, Quick
1956). Marten are capable of moving long distances through
suitable habitat, but refuges are more effective if they éré
close to sinks (de Vos 1951). Judging ffom the distances
traveled by collared marten and home.range sizes, trappers‘
with traps up to 5 km from a source area may encounter
marten that spend at 1e$st part of their time in the
reservoir area. Quick (1956) .felt that the mihiﬁum average
diameter of a foraging range for marten was 1 km. 1In
clearcut forests, this distance may incfease (Soutiere-

1979) .
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Home Ranges

" The home ranges ofﬁ1990-§1 were generally consistent
' with 1989-90 home ranges (Fager 1991).:_The extremeé.Fager
and I fqund, 3.25 (1990-91 field datai and 19.1 km*z'(1989;
- 90 field data-Table 4) wére within'extremés’reported in the
literaturé (Raine 1982, Buskifk and McDonald 1989).

. Three of 4 Big Hole marten (1AM, 1JM, and 1 AF) had
ranges 6f approximately 9 km*2. One juvenile ﬁale had a
home rahge of 3.25.kmA2. This-mgle’s home range was the
only one that did not include any clearcuts witﬁin its
boundariesf' The 6ther home ranges toﬁched.and/or surrounded
1 or ﬁore clearcuts. Soutiere (1979) commented that home,
range increased in clearcut forests. If a minimﬁm amount of
foraging area is needed Wifh any givén prey'density, rémoval
of.blocks of foraging area via clearcuts may result in '

~lar§er total home range size.

Small Mammal Live-trapping

Red-backed voles favored the mesic sites favored By
mérten in areas I.trapped (Tables 5 and 8).. Red-backed vole
capture.sﬁccess rates were highest in Beaver Creék (Table 7)
where marten Iive4capture success rates (Tablezzinwere also
ﬁigh. Koehler and Hornocker (19775 feported fhat microtineé
- made up 79% of thé prey of ﬁérten and that this'brey.base
_was most abundant in mesic situations. Murie (1961) also

reported high vole use. Dulkiet (1929 cited in Lensink et
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al. 1955) felt that home range size was influenced by food
as did Thompson and Colgan (1987).' Corn and Raphael (1992)

, ,
believed marten selected areas based on prey availability.
Habitat Use

Pine martens may ‘select séecific sites based 'on plant
species or species groups, prey availability, habitat
_stfuctural éonditions, or all three (ﬁouglass et al 1983);
Marten in my study preferred mesic sites with large‘downfall
and well developed canopy cover (associated with large live
trees and no clearcuts). | ‘ ‘ -

~Ciearcuts were not used by marten on nmy study'areas.‘
Soutiere (1979) ahd Steventon (1979) bbth repofted low use
of clearcuts. Steventon and Major (1982) reported ‘little
use of regenerating clearcuts. Yeager (1950) repbrtéd some
use of clearcuts by mérten_during the summer. .

'All of the preferred habitat classifications had
relatively high'vegetative producti?ity.and‘my limited small.
mammal-trapping efforts indicated they had relativély high
:small mammal numbers. Corn.and Raphael (1992) fe}t that
mafteﬁ were capable 6f determining ' the presence or absence
of prey witﬁ caédal investigatioﬁs of openings in the snow.
-Ma;ten presunably could also key in on physical or
vegetative features that either were associated with high -

prey density or high prey vulnerébility.
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There are several possible candidates for visual cues.
If, as some other studies suggest (Steventon and Major 1982,
" Buskirk et al. 1989b.), snbnivean forage sites and dens are
important for both forage and rest activities, then ”
"entrances to those subnivean sites may be such a visual cue.
Large pieces of deadfall may act as access points (Buskirk
et al 1989b, Corn and Raphae1-19925. Sincevall marten
locations (mesic and xeric) had similar sizes and amounts of
deadfall (Table 20) while random piots did not (Table Zi),
martens may be keying in on the bigger deadfaii (Table 13)
or at 1east the access points the big deadfall may’
represent Preference ‘for wetter sites (Table 15) is an
artifact of thlS selectlon. ' |

Another visual cue could be snags. The importance of
. sShags (an associated trait of old growth though not
necessarily tied to age) to marten, other than as a source
for deadfall, is questionable. Neither Fager (1991) nor I
saw evidence of strong.preference for areas with abundant
snags in southwest Montana. Spencer (1987) reported that
snags were used more than availability suggested in the
northern Sierra Nevadas. Martin and Barret (1983) reported
23% of their marten rest sites were 1n snags. Ground .
1ocations (under,snow), red squirrel (TamiaSourus )
hudsonicus) nests; and-broomed needle.casts'in live trees“
were important rest sites during my field season. ‘Wynne and

Sherbourne (1984) found considerable use of witches’ brooms
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while Buskirk (1983) reported red squirrel grass nest use.

’

Population Monitoring

The short track transects weré eétablished to determine
if track“coﬁnﬁs reflected marten density (Thompson'et al.
1989) . Live-trapping results and trapper harvest suggested
that Beaver Creek had the highest density followed in order
by the Big Hole and the Flats (Tébles 2 and 3). Short
transect results suggested that Beavef Creek had the highest
density Witp no difference between the Big Ho;e and the
Flats (Table 35). A single marten is quite capable of
utilizing any 1-km piece of ground. Transecﬁs this short
may, in effect, merely be sampling forlﬁhe presence or
absénce of a single marten along that 1fkm.distahce. if
that single marten crosses and recrosées the transect line,
the proéedure of assuming every track is a differept marten’
is incorrect. | |

Many of the high transeg£ cQunts were from transects
running parallel.to creek bottoms. If marten are attracted
to mesic situations (Tableils), then those transecté placed .
in mesic situations will have more traéks of maften
(possibly the saﬁe marten) . It,may‘be best té stay away
from creék bottoms-(of cross at right angles) tb eliminate
multiple counfs 6f the same animél ahd to increase transect
length to better differentiate between low track intercept

counts. If 1-km transects are used,‘they‘should be checked
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for the presence- or absence .of marten rather than the number
of track crossings. ‘

Peterson index estiﬁates of marten populations using
live-gapture anq harvest results may or may nqt be accurate.
In sink situations with rapid turnovers of individual marten
due to harvest removal and/or egress and.ingress, the
estimates obtained using fhis method maj be too high. In
sitﬁatiohs of good quality habitaﬁ and large numbers of
resident marten, the Peterson index method may be an

accurate procedure.

I
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CONCLUSIONS
Population Characteristics
. N »

Live and fur-trapping indicated sex and age ratios
within ranges reported for healthy martén populations. Home
range sizes also were consistent with normal marten

populations

Evaluation of Fur Harvest

Trappihg‘in 1990-91 ceftainlf removed individuals frém

‘my-3 study areas, but some marten remained. in each area

after harVesthefforts. Fur-trapping does appear to have the

abilitf to locally influence pine marten populations.  In
areas with low accessibility and/or those’near untrapped
reservoirs, ingress éﬁQuld quickly £ill losses due to
tfapping; In years or areas of low marten numbers and high
fur demand (price); those areas with consideraﬁle trapper
access potential and low'reséquir recruitment thential‘
éould defiﬁitely experience éxcessiVe harvest. |

: Trappers want to maintain a- way of 1ife that_is'vefy
much under scrutiny by some pafts'of the non-trapping
public. They should expectfté monitér‘themselves, their .
effort, and'théir catch. Accurate age data may be diffiéult
to gscertain from traépers,-but accurate sex data and thé
locatiQh of harveét'siteé_can only help thé_MDFWP in

continued monitoring and maintenance of marten trapping.-
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Description of Habitat Use P;tterns

In my sﬁudy areas, the pine marten .was often associated
with, but was not an absolute indicator of, old growth.’ 0old
growth-situations were often preferred habitat, but tﬁe
presence of marten may not necessarily indicate oid growth-
or undisturbed sites; The marten appears to be moderately
flexible with respect to habitat demands and habits.

Martens in southwest Montana éénsistently avbided
clearcuts uﬁ to 30-40 years old. fall—winter habitat in
southwest Montana can best be catagorized as mature siteé
(large trees and large deadfall) with a tendency towards the
more mesic sites associated with spruce/fir communities.
Lodéépole pine and Douglas-fir should not be considered
nonmarten habitat. Thé lodgepole dominated Flats were
successfully used by some marten. Lodgepole appears to be
mefely‘suitable‘as opposed to preferred. Whether'or'not old
growth monocultures (i.e. when regrowth on clearcuts
producesilérge diameter‘trees) will provide adequate habitat
in southwest Montana remains to be seen. MyAstudy areas‘did
not have any clearcuts with regrowth much past the post/pple

size. ¢
Prey Base Relationships

Limited trapping indicated rodent population density
was not directly correlated with marten habitat. Species of

rodents vafy in susceptibility to marten. Red-backed vole
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density appeérs'to be a better indicator than total rodent

density.

Population Monitoring

Marten population levels in my study areas were
evidently influenced by timber management,. fur-trapping,

accessibility of areas to trappers, and small mammal

composition and abundance. With so many variables and with

our inability to regulate many of those variables,
monitoring at the microsite level may not be the best

approach. If ménitoring is heeded,'it should include

systéms such as long track transects to monitor the présence'

or absence of the speciés at the drainage or landscape level

rather than looking for marten in specific "marten sites".
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Table 28. -Summary of USFS old growth criteria.

Trees per

pine

01d growth SAF type Habitat Large tree
type . type age acre >
groups - minimun
DBH (cm)
#1 Douglas- A’ 200 4>43.2
‘ fir .
#2 Douglas-  B,C,D,E,F, 200 5>48.3
fir H -
#3 Douglas- - G 180 10>43.2
fir
. $#4 Ponderosa A,B,C,K 180 4>43.,2
pine
#5 Limber A,B .120 6>22.9
: pine
#6 Lodgepole A,B,C,D,E, 150 12>25.4,
pine F,G,H,I -
#7 Engelmann C 160 12>43.2
, spruce
#8 Subalpine D,E 160 © o 7>43.2-
fir,
Engelmann
spruce _
#9 Subalpine F,G,H,I. 160 10>33.0
’ fir, . . , i
Engelmann
‘ spruce '
#10 Subalpine J 135 8>33.0
fir,
‘Engelmann
Spruce
#11 Whitebark D,E,F,G,H, 150 11>33.0
pine I
$12 Whitebark ~J 135 7>33.0
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